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The human risk as a spatial component using Newton’s Gravity model is
explored for the first time in this research along with fuels and road density variables
to predict the fire occurrences for Southeast Mississippi fire district. The fire risk map
indicated that fires occur in clusters and are dependent on fire size and distance from
roads. The results proved that fire size increases as fire locations increase. Fire
locations decrease significantly beyond 160 meters with increasing road distance. The
Gravity model proved to be a better estimator of fire risk while a similar road density
model proved to be better in very low and medium fire risk zones. Compared to road
density, the gravity model significantly proved a better estimate of very low fire risk
for all seasons and summer low fire risk. For all other fire risks, though, gravity
model

showed

better

results

no

significant

differences

were

observed.
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CHAPTER I
INTRODUCTION
Environmental agencies are most concerned these days with wild land fires
(Chuvieco, 1999). The recent Hurricane Katrina in Mississippi has exacerbated the wild
fire threat which in turn increases the need for valuable fire maps that can save human
lives, as well as private and Government property and timber resources (Gilreath, 2006).
Assessment of the effects of fire is very important, as it plays a vital role in vegetation
composition, soil erosion, biodiversity and the hydrological cycle (Chuvieco, 1999).
Natural fires, accidental and/or arson fires and man-controlled fires (prescribed fires) are
the three categories of forest fires (Zhai, 1999). A natural fire is caused by a rapid,
persistent chemical reaction between any substance that is easy to burn with oxygen that
releases heat and light. Most natural fires start when a lightening bolt strikes a tree trunk
and knock the tree down; later on smoke rises from pine needles and the fire begins.
These are dangerous as they burn out of control causing huge destruction with in a short
span of time.
In United States of America, natural fires are common and an integral part of
many terrestrial ecosystems. In the Southern United States (U.S.) more fires are the
result

of

human

interference

when

1

compared

with

the

Western

U.S.,
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where natural fires by lightening occur with greater frequency. Arson is also one of
the leading causes of fire in the United States. Each year, an estimated 267,000 fires
are attributed to arson, which result in $1.4 billion in property loss and cause over
2,000 injuries and 475 deaths (Arson in United States, 2001). Prescribed burning has
direct and indirect effects on the environment. Prescribed fires are useful in site
preparation, vegetation control and hazard reduction, but they pose a great threat to
other plant species, soils, water and air. The arson fires and prescribed fires which are
due to human interaction constitute more than two-thirds of all forest fires and result
in a greater loss of property and human life in the United States. The government of
the United States spends on average more than $800 million each year to combat
wildfires (NIFC, 2006). Also forest habitat comprises the major portion of the total
burned area and annual suppression costs exceeded one billion dollars (Terry 1997).
Land use changes influence forest fires i.e. rural depopulation is increasing land
abandonment and consequently fuel accumulation is increasing in rural areas (Juli et
al., 1999).
A variety of factors influence forest fire occurrence like demographic and
socioeconomic issues. They influence the frequency of forest fires. Socioeconomic
factors like age distribution, education level, population density, household income,
living conditions, and employment status have been found to influence probability
and distribution of forest fires (Baird et al., 1969). Increasing population (U.S.
Department of Commerce 1992), urbanization, and changing demographic
characteristics (Alig et al., 1990) have significant influences on historic fire patterns.
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Prediction and investigational analysis of forest fire occurrence based on these
various spatial related factors requires sophisticated analytical techniques (Chou et
al., 1990). Remotely sensed images from space are especially suitable for forest firerelated research. Wide area coverage and high frequency of satellite sensors
associated with information available in non-visible spectral regions made
Geographic Information Systems (GIS) a very valuable tool for the prevention,
detection and mapping of wild land fires based on various associated variables. One
of the greatest advantages of GIS is the ability not only to measure space accurately
in an absolute (x, y) but also in a relative (distance from x, y) manner (Thrall et al.,
1997), which is capable of organizing and analyzing the complex spatial relationships
among multiple components of significance. This can be used to investigate the
complex spatial and temporal characteristics of forest fires (Butler et al.,1991; Van
Wagtendonk, 1991), which can be modeled to identify and map the fire potential
levels and propose management plans accordingly (Chou et al., 1993; Zhai et al.,
1998). GIS depicts accurate information which is more accessible to decision makers
and researchers, thereby making possible more efficient fire planning, suppression,
and post-fire rehabilitation efforts (Brenner et al., 1998; Chou et al., 1993; Van
Wagtendonk, 1991). A valuable fire risk assessment map using considerable variables
in GIS models can identify areas with high fire potential, which is useful for the forest
administrators. Though basic GIS models exist for fire locations, there is no potential
descriptive model for fire risk (Gilreath, 2006).
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In modeling fire risk, the great variety of vegetation characteristics related to the
spread of fire has been defined by different fuel types (Andrews, 1986; Deeming et
al., 1977). To apply GIS to forest risk modeling one must consider a wide range of
variables depending on the specific characteristics of fire events in different areas.
Physical, vegetative and geographic characteristics are important determinants of
forest fire frequency (Minnich, 1983).
The summarized variables are:
•

Topography (elevation, slope, aspect, landform and illumination)

•

Weather patterns (temperature, relative humidity, wind and precipitation)

•

Land property types

•

Soils

•

Fire history

•

Water availability

•

Vegetation ( fuel types and moisture content )

•

Distance to cities

•

Distance to roads and camping sites

Distance to roads determines accessibility while distance to cities reflects the
potential effects of urbanization and forest fragmentation on forest fire occurrences
(Plevel, 1997). In Geography, accessibility of a place is generally defined as the
more or less great ease with which this place can be reached from one or several other
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places, by one or several individuals able to travel by means of existing transport
modes. Thus, accessibility not only refers to the possibility of reaching a given place,
it also expresses the rigor of travel, the difficulty to establish the relation, most of the
time estimated by measuring space and time constraints.
For this reason, accessibility will depend not only on the respective geographical
position of origin and destination places, but also on the level of service offered by
the transport system(s) used to make the travel. Therefore accessibility means more
interaction of the people. More interaction results from more population areas and
better accessibility, which is more prone to fire if the vegetation has affinity to burn
easily.
Interaction is a major factor in our analysis of forest fire prone areas. So far,
models have been developed by various researchers in respect to forest fire
assessment, but the human risk as a spatial component using Newton’s Gravity Model
is unexplored. Using GIS, this particular time-consuming mathematical model can be
more easily derived for a particular area than by past traditional methods. This, in
turn, allows a greater utilization of the gravity model by retail market analysts which
could be used for forest fire prone areas in our case.

CHAPTER II
BACKGROUND INFORMATION AND LITERATURE REVIEW
Forest fire is a serious hazard over much of the United States, posing a great
threat to life and property, particularly when it moves from forest or rangeland into
developed areas. However, forest fire is also a natural process, and its suppression is now
recognized to have created a larger fire hazard, as live and dead vegetation accumulates
in areas where fire has been excluded.
Since 1954, the US Forest Service has been using danger rating systems (Burgan,
1998). In 1972, the National Fire Danger Rating System (NFDRS) became the first
national system. The NFDRS has been revised several times, most recently in 1988. The
Wildland Fire Assessment System (WFAS) interpolates between spot measurements of
fire potential at specific locations for mapping at a national level (Burgan, 1998). This
information is made available online to other agencies and fire district managers in every
state. Fire managers, who are on a time scale of one to three days, use a large spatial
context in making pre-suppression decisions. Once the decision is made, further decisions
are made on a temporal scale of 24 hours or less (Burgan, 1998). Florida State has
developed a descriptive model, describing both areas of fire potential and threat to human
development based on its seasonal climatic change and quick ignition grass land
landscape (Goodrick et al., 1999; Brenner, 2002).
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The Wildland Fire Susceptibility Index (WFSI) includes variables represented as
GIS layers for historic fire locations, a fuel model, canopy closure, aspect, slope,
elevation, weather, and fire size. The Fire Response Accessibility Index (FRAI) contains
information about roads, resource locations, and water bodies. The final Fire Risk
Assessment System is a weighted model, which is a combination of each index (Brenner,
2002).
The state of Mississippi has experienced over 20,000 fires in the past six years
(Mississippi Forestry Commission, 2004). The perennial Mississippi leader in forest fires
is the Southeast Fire District (Mississippi Forestry Commission, 2004). The cause of
many of these fires is anthropogenic albeit some are often a accidental (Mississippi
Forestry Commission, 2004). A large amount of even-age needle-leaf evergreen forest
stands are contained in the state of Mississippi. Of the fire susceptible Loblolly pine
stands in the Southeast US, 70% are within 0.3 km of a road. (Schultz, 1997). The
Southern Fire District’s dominant type needleleaf evergreen forest cover is the Loblolly
pine (Schultz, 1997). Longleaf needleleaf evergreen is well suited to fire ecosystems
whereas; Loblolly pine is not (Schultz, 1997). Through natural adaptation, the Longleaf
pine can survive recurrent understory fires (Wear and Greis, 2002). The terminal buds of
a seedling are placed above the height of most forest fire flames by the extensive root
system and the quick growth spurt (Wear and Greis, 2002).
The stem bark of longleaf pines thickens quickly so that along with the needles
they protect the buds (Wear and Greis, 2002). Though the Loblolly pine is indigenous to
wetter areas, an increase in timber industry and fire suppression programs presently
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occupy even the abandoned agricultural and long leaf pine stands (Wear and Greis,
2002). More than half the volumes of needleleaf evergreen stands in the Southeast US are
made up of Loblolly pine forests (Baker, 1999). With over 2.8 million m3 of growing
stock, the northern portion of the 32 counties along the central Mississippi and Alabama
border which make up the Southeast Fire District has the 2nd largest concentration of
Loblolly pine stands in the US (Schultz, 1997). The winter and summer seasons are the
two time periods for which the highest fire potential exists in Mississippi. The winter
peaks (January to March) in the graph (Figure 1.1) represent fires due to human
interaction.

14000

12000

# of fires/Fi

10000
Annual fires
Annual fire size

8000

Winter fires
winter fire size

6000

Summer fires
Summer fire size

4000

2000

0
1999

2000

2001

2002

2003

Years

Figure 2.1: Fire incidents per month from 1999 to 2005

2004

2005

9
Government and log agencies do prescribed fire during winter months because
they can be controlled easily. Each year in the Southeast Coastal Plain (SCP) one million
hectares (ha) are burned (Schultz, 1997). Sometimes these prescribed burns go out of
control and cause forest fires.
The summer season for Mississippi is from July to November. Though the
summer season is usually accompanied with dry spells, the fires in this season are more
of anthropogenic origin. Late summer and early fall often see evaporation exceeding
precipitation (Schultz, 1997). The dry spells accompanied by anthropogenic factors poses
a greater threat for fire origin. Generally February / March are the months of high fire
incidents for winter and September / October are the months of high fire incidents for
summer.
Topography effects the amount of solar radiation an area receives, and can modify
wind speed and direction and create wind eddies which could enhance the chances of
catching fire. Aspect, elevation, and steep slopes are important factors in topography
(Countryman, 1972). Southern exposures suffer the greatest solar and wind influences
while northern slopes suffer the least. In areas of southern and south western aspect, more
than 60% of the forest fires happen on slopes of between 0° and 20° (Jo et al., 2000).
Slope increases fire hazard: as the surface slope increases, so does the fire hazard.
To determine the fire distribution of a temperate coniferous forest one must
consider the terrain factors such as ridgeline proximity, altitude and aspect, together with
stand age, firefighting, fuel loading, and weather conditions (Kushla and Ripple, 1997).
Elevation influences vegetation composition, fuel moisture and air humidity. More than
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90% of cases of forest fires occur at 100 meters above sea level. Most of these disasters
take place in areas which are below sea level. Fires are less severe at higher elevations
due to higher rainfall. Steep gradient increases the rate of fire spread because of more
efficient convective preheating and ignition and eastern aspects dry faster since gradients
facing east receive more ultraviolet light during the day (Chuvieco and Congalton, 1989).
Esra Erten et al. (2004), used satellite imagery and GIS to study the interaction
among various parameters like vegetation, slope, aspect, distance from roads and distance
from settlements in determination of fire risk areas in Turkey. By giving different weights
to these parameters they concluded that aspect, slope and landforms play a vital role in
spreading the fire. The results stated that fire travels more rapidly up-slopes and least
rapidly down slope with southern slopes more vulnerable to catching fire.
Along with topography, fuels and anthropogenic ignition sources also need to be
considered in fire modeling. Each of these influences can be measured, ordinated and
treated as independent variables in a GIS model (Gilreath, 2006). Topography is not as
important a factor in the Coastal Plain of the US and can actually act as a barrier or even
aid suppression (Wade, 1988). Zhai et al. (1998), states that slope is not an important
predictor for wildfire, since Mississippi is flat. The roles played by abiotic, biotic and
human factors in determining the spatial patterns of wildfire’s origin across the upper mid
western United States were studied by Jeffrey Cardille et al. (2001).
The multivariate analysis study revealed that areas with higher population density,
higher road density and lower distance to non-forest areas were more likely to catch fire.
Seventy five percent of forests burned during the last 10 years were associated with wood
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production, livestock or wild life production, or vegetation management in the South
Central U.S. (Rudis and Skinner, 1991).
Similar fire hazard maps based on land use, road network, slope, aspect and
elevation data were developed by Iwan Setiawan et al. in Pahang, Malaysia. They
concluded that logged over peat swamp forests have a greater potential for fire based on
their fire history data and more in the southern aspect (> 40%).They also concluded that
as the surface’s slope increases, so does the fire hazard.
There are two kinds of models which are based on fire behavior and fire risk. Fire
behavior is based on fuel moisture content and fuel temperature of live and dead fuels,
whereas, fire risk models are based on the following variables described below.

2.1

Climate
Precipitation, wind, evaporation, and lightning are the climate attributes that

affects the fire potential (Pye et al., 2003). Relative humidity and temperature, control the
moisture of dead vegetation, in case of no drought condition and no precipitation
occurrence (Countryman, 1972). John J. Keetch and George M. Byram (1968) proposed
that drought index is an important factor to be considered in predicting the fire
occurrences. Drought index suggests the amount of moisture depleted from the soil. They
further suggested that soil moisture based on drought index is an important factor to be
considered in fire modeling. Lopez et al., (2002) proposed a fire potential index (FPI)
based on live ratio, moisture content of small dead vegetation, and fuel type to identify
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potential fire occurrences in Europe. The results suggest that the slope of the FPI curve
increases with the imminent fire events.

2.2

Fuels
Vegetation plays an important role in the spread of fires (Countryman, 1972). The

vegetation characteristics, vegetation contiguity and vegetation size by area, fire ignition
sources, fire suppression, and fuel loads are all directly impacted by human activity (Pye
et al., 2003). Forest harvest dumps, construction, mis-management practices and
accidental / intentional / prescribed fires all affect fire behavior and their future
probability of fire occurrence (Zhai et al., 2003). The forest stands located at the vicinity
of urban areas have a higher probability for wildfires (Zhai et al., 2003). In Mississippi,
the longleaf pine is the most fire resistant needleleaf evergreen species (Wear and Greis,
2002). Loblolly pine is less resistant to wildfires (Schultz, 1997) which are predominant
in Southeast Mississippi and most forest fires occur more frequently in needleleaf
evergreen and mixed needleleaf evergreen forests rather than broadleaf deciduous forests
(Zhai et al., 2003). Loblolly stands are particularly susceptible to wildfires when they
reach less than 4.6 meters tall (Schultz, 1997). However, in times of severe drought, a
wildfires ignites even in broadleaf deciduous stands or needleleaf evergreen (Pye et al.,
2003). Wildfires not only destroy timber value but also can spread as crown fires in
mature needle-leaf evergreen stands which hinder the chance of stand regeneration
(Schultz, 1997). Tanskanen et al. (2005) showed that differences in the moisture regime
of surface fuels between different age classes which are dominated by pines can result in
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considerably different ignition conditions which affirm that the age of the fuel stand plays
an important role in fire prediction.

2.3

Road Density
Roads signify human interference and the spatial distribution of fire occurrence

and play an important role in affecting the most fires as they determine the human access
to forests (Jian Yang, 2005). There is a significant relationship between road density and
fire locations (Pye et al., 2003). Abineet et al. (1996) found that proximity to roads, fire
lines, and settlements favored forest fire ignition and rate of spread. Chou et al. (1993)
identified a neighborhood effect of forest fires, i.e. the occurrence of forest fires in an
area is affected by the neighboring forest fires.
Federal fire policy targets the urban-wild land interface as it is a major source of
fires and it requires prevention measures and preparedness for the fire accidents (USDA,
2002). Therefore identifying these areas is important for prioritizing fire prevention and
preparedness projects (Haight, 2004). Urban-wild land interface defined to be an area
where houses and fairly dense vegetation are both present (Haight, 2004) and the study
determined one-quarter of the urban - wild land interface was classified as high fire risk
while 88% of the high risk areas had a housing density of one house per 2 ha. Data such
as housing density, the distance to nearest road, and road density were used to quantify
the urban-wild land interface using 1994 Landsat TM data (Haight, 2004).
The fires in the Southeast U.S. depict anthropogenic influence on the spatial
distribution of wildfire or wildfire locations (Zhai et al., 2003). A recent study uses U.S.
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Census demographic statistics and incorporated the values into attribute tables for 7,354
Forest Inventory Analysis (FIA) plots which analyzed fire probability for the entire
Southeast U.S. (Zhai et al., 2003). The distance from any given point to the nearest road
plays an important role in the accessibility of arsonists. The other ignition variables
which are used in the model is the distance from the FIA plots to the nearest urban area
(population > 30,000), and distance to the nearest developed area of 4.0 ha or more (Zhai
et al., 2003). Model validation is used to match 1995 U.S. Census data by using a twoyear window of fire occurrences. The ignition variable and the fuel variable have been
combined and the past research found that the probability of fires increases with
proximity to the urban and > 4.0 ha developed areas (Zhai et al, 2003). The authors found
more specific census variables such as median household income and education level to
be non-significant. A chi-square test of estimated coefficients for the model of the study
was found to be significant at the 1% level (Zhai et al., 2003).
An ignition component was included with the assumption that the ignition sites
are usually close to homes, municipalities, and campsites and each of these areas include
proximity to roads as a common attribute (McMahan and Weber, 2002). The authors used
roads as a proxy indicator for fire potential. A buffer was created at distances of 30, 60,
and 90 meters from the road. The 30 meter buffer was considered the area at highest
potential for fire while 90 meters was considered low potential for fire. Areas greater than
90 meters from a road were ranked as having a zero fire potential rank. The authors found
that combining the high and intermediate fire potential classes resulted in a model
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accuracy of 73% in describing high fire potential areas based on where fires actually
occurred (McMahan and Weber, 2002).
A previous study in Florida found road density as a significant variable to predict
fire risk for the entire state (Pye et al., 2003). The results indicated that the primary
causes of wildfires in Florida are human caused ignitions like accidents and arsons. The
authors used road density as a surrogate variable for quantifying the urban-wild land
interface. Landscape metrics is used now-a-days to estimate urban sprawl which
indicated far edges of urban sprawl as the urban-wild land interface where forest fires
tend to occur, especially along highways leading out of cities (Sudhira et al., 2004).
Sudhira et al. (2004) computed a kernel map density function in GIS by dividing the
number of pixels which comprise built-up land by the total number of pixels in a
specified kernel to determine development density of cities. “A kernel density estimate in
GIS calculates the probability density function of a random variable (wikipedia)”. Kernel
density function produces a continuous grid surface of estimated density (Sudhira et al.,
2004). Density functions in a GIS help or aid in identification of the edges of
development to quantify the areas of the urban wildland interface (Sudhira, 2004). GIS
density functions can quantify road density and identify the urban-wild land interface.

2.4

Ignition sources from Human Impacts
Zhai et al. (2003) found slope is not as important as human interference in the

prediction of wildfires. Therefore, they emphasized to include the concept of human
interaction as a variable in fire modeling research.
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The human component of fire risk is critical not only in the Northern United
States but also in Southern United States, since human beings are the main agents of fire
ignition, either by carelessness or by arson. The spatial analysis of human risk is quite
complex to model, since human activities related to fire are very diverse and difficult to
spatially represent. Therefore, to simplify the process, two approaches are usually
adopted: deductive and inductive.
In the deductive approach, human risk maps are created by overlaying several
variables related to fire ignition. In the second approach, human risk modeling, which is
more inductive, tries to map human risk by relating location of fires to specific areas of
land use or human activity. Anthropogenic factors such as roads, camping sites, cities,
urban forest interfaces or specific land use types which are related to land use
occurrences are responsible for the forest fires (Alcazar et al., 1998; Chuvieco and
Congalton 1989; Langhart et al., 1998; Martell et al., 1987; Vliegher et al., 1993).
Fire ecologists and fire specialists have found that fire regimes of many forest
ecosystems are human related and shaped largely by settlement and management (Veblen
et al., 1999; Guyette et al., 2002; Bergeron et al., 2004; Hessburg et al., 2005). The
authors have successfully identified mainly using dendrochronology, temporal stages of
fire regimes related to human population density levels and fluctuating cultural behaviors.
There are usually more human-caused fires than lightning-caused fires in modern-era fire
regimes. For example the average annual number of human-caused wildland fires in the
U.S. is nearly ten times that of lightning-caused fires (Hildebrand, 2003). Many existing
fire occurrence studies focus on only naturally caused fires. Hence they are not adequate
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in describing, modeling, or predicting the locations of fires in modern-era anthropogenic
fire regimes.
Reilly’s influence on retail market analysis was the application of Newtonian
physics to measure market areas. The development of the “gravity model” from these
studies has been utilized in numerous fields to explain issues such as migration and
transportation modeling and now is used to identify potential zones at risk for forest fires.
Accessibility determines interactions. Interaction is a major factor in our analysis
of forest fire-prone areas. Distance-time and / or distance-cost are indeed those that tend
to regulate interactions. We can derive interactions from either the distance-time and / or
distance-cost. The very quick decrease of interactions with distance is explained by the
cost covering the distance. The size of the periphery polarized by a center depends on the
reach of activities of the center, linked to its complexity level, and on modalities of
circulation between periphery and center, which historically increase traveling speed.
Interactions between center and periphery, which follow the gravity model, may define
periphery as an adjoining area around the center, or as a network of places accessible
through connectivity. Outcomes can be modeled by combining interaction maps of fuels,
road density and human impacts.
In this study, the process of determining potential sites for forest fire risk in
Southeast Mississippi is to adopt an interaction model which in fact is used mostly for
market analysis to utilize the ideas created by the pioneers of economic geography
(Homer Hoyt, 1970; William Applebaum and W.J. Reilly, 1953). Hoyt (1970), in
particular, focused on the development of retail centers across the United States at a time
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when shopping centers were just beginning to take hold and pioneered the idea that retail
site selection required the following:
1) Estimation of demand
2) Identification of the retail outlet’s trade area or market hinterlands
3) Determination of the appropriate size of the retail market
4) Estimation of the optimal location to obtain maximum revenue
5) Consideration of specialized and perhaps unique local market conditions
6) Consideration that demographic patterns may change in time
In particular, Reilly adapted Newton’s law of gravity to calculate the market area
surrounding a shopping center (Thrall et al., 1997). This adaptation was based on the
th

work of revolutionary 19 century social scientists who were the first to adapt Newtonian
measurements of gravity to analyze local human phenomena. Reilly (1953) considered
not only the distance but also the attractiveness of alternate shopping opportunities. The
idea of agglomeration tends to increase attraction towards stores; stores located in centers
with great population will draw more population towards it from farther distances. The
focus of the model is the inter-metropolitan trading area boundaries between neighboring
cities in a region rather than the trading area boundaries of individual stores. This
attractiveness is measured by two kinds of variables; a ‘mass’ variable- population which
exerts

positive attraction over consumers and a ‘friction’ variable- distance, which

discourage them from moving. Mass attraction variable is expressed by measures of sizes
of towns: population. The development of the “gravity model” from these studies has
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been utilized in numerous fields to explain issues such as migration and transportation
modeling and now for identifying potential zones for forest fire.
The analogy with the Newtonian model is not an explanation for geography, and
only partial interpretations of the gravity model have been established up to now. A real
explanation should rely on the knowledge of behaviors in geographical space. Reasons
for general relevance of the model may be intuitively understood if it is observed that:
•

the product of masses Pi Pj represents a conditional probability for an element of i
to interact (or to exchange its location) with an element of j;

•

the very quick decrease of interactions with distance is explained on the one hand
by the cost implied by covering the distance and also because it represents a
considerable increase in the number of potential interactions around a given place
in a space. Interactions between center and periphery, which follow the gravity
model, may define periphery as an adjoining area around the center, or as a
network of places accessible through connectivity. Distance-times and/or
distance-costs are indeed those that tend to regulate interactions. We can derive
interactions from either the distance-times and/or distance-costs.
This gravitational study has been used in mathematical trips distribution models

to provide a common base for simulating the travel patterns expected to result from a
variety of different highway or mass transit systems. Although several different types of
traffic models are now in existence and currently being utilized in transportation studies
around the country, this volume is concerned solely with the gravity model. In essence,
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the gravity model says that, trip interchange between zones is directly proportional to the
relative attraction of each of the zones and inversely proportional to some function of the
spatial separation between zones. This function of spatial separation adjusts the relative
attraction of each zone for the ability, desire, or necessity of the trip maker to overcome
the spatial separation involved.
Mathematically, the gravity model is stated as follows:

Aj
d ijb
Tij = Pi n
Ak
∑
b
d
k =1 ik
Where
Tij = trips produced in zone i and attracted to zone j or interaction between i and j
Pi = trips produced by zone i
Aj = trips attracted by zone j
dij = spatial separation between zones i and j. This is generally expressed as total travel
time (Tij) between zones i and j.
b = an empirically determined exponent which expresses the average area wide effect of
spatial separation between zones on trip interchange.
The numerator is specific gravity and the denominator is total gravity surface which
results from adding all specific gravities together. By doing so, we can depict accurate
spatial depiction of gravitational influence of each location with others.

21
2.5

Integration of GIS and modeling in Forest fire study
The occurrence of forest fires related to various factors and the analyzation of

forest fires requires sophisticated analytical methods. GIS is robust software that can
integrate various relevant sources of information and generate spatial variables with
respect to their spatial coordinates. The relationship between an event and its casual
agents can be very well depicted by modeling. Thus integration of GIS and modeling can
analyze the spatial relationships between forest fires and the associated variables.
GIS modeling has been extensively used for fire management as well as forest fire
research (Van Wagtendonk 1991). Chou et al. (1993) used GIS, logistic regression, and
autocorrelation to map probability in San Jacinto Mountains, California. Abhineet et al.
(1996) integrated GIS and remote sensing to predict forest fire risk areas in a fragile
mountain ecosystem. A GIS based fire management information system for Florida was
developed by combining GIS, relational database, and fire behavior models.

CHAPTER III
RESEARCH OBJECTIVES
Data derived from various variables such as roads, human interaction, and fuel
type can be treated independently in a fire potential model. These independent variables
can be treated as layers in Geographic Information System (GIS) that can be overlayed
for analysis. Using map algebra, linear additive models can be derived by normalizing
and weighting of these independent variables. Any final assessment of a fire potential
model should include historical fire occurrence for model validation (Chuvieco et al.,
2004).
A five year fire that occurred from 1999 to 2005 in SE Mississippi fire district
was utilized for gravity model validation. So far models have been developed by various
researchers in respect to forest fire assessment, but the human risk as a spatial component
using Newton’s Gravity Model is one of its special kinds so far not been explored.
Therefore, the objective of this research is to adapt gravity model for human
interaction as the ignition variable in fire risk potential model for the Southeast Fire
District of Mississippi, to validate the result it will be tested whether this adaptation
improves model predictability for fire potential when compared to road density as the
ignition variable.
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CHAPTER IV
MATERIALS AND METHODS

4.1

Study area
The study area, located in the Mississippi Southeast Fire District covers 22

counties (Figure 4.1). It is predominantly characterized as Middle Coastal Plain with
gentle hill topography, developed drainage, and diverse soils (Schultz, 1997). The
southern portion of the district is defined as Lower Coastal Plain with well drained forest
soils and deep, sandy alluvial soils (Schultz, 1997).

4.2

Vector Data
Roads play an important role in spatial distribution of fire occurrences; because

most fires are human-caused and spatial distribution of roadways determine the human
access to forests (Jian Yang, 2005). Vector road data is obtained from Mississippi
Automated Resource Information Systems (MARIS). This data contains primary,
secondary, and county roads for the state of Mississippi. These merged roads were
clipped separately to fit the Southeast fire district study area. Kernal density function of
2500 m radius is used to calculate road density and further reclassified on a scale of 1 – 5
risk levels based on confidence intervals (Gilreath, 2006). This reclassified road density
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is used to compare gravity model. The other GIS vector layers in the model include point
files of fire locations from 1999 to 2003.
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Figure 4.1: Counties in Southeast fire district of MS
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Fire occurrence point locations were obtained from the Mississippi State Forestry
Commission. The points were entered as x, y coordinates with an attribute table,
projected in a Mississippi Transverse Mercator (MSTM) projection, and stored as a GIS
shape file. Fire locations were essential in validating the model using quadrant and
statistical analysis that gives a better explanation of the model.
Population plays an important role in modeling forest fires due to gravity. The
population information was obtained from cities vector layer obtained from MARIS.

4.3

Raster Data
A 30 meter resolution Landsat data was used to create a fuel stand grid. Grids

were also created that represented the independent variables of road density and human
interaction. The static variable grids of fuel and ignition were based on previous work
done at Mississippi State University (SITL, 2005). The fuel grid was derived from
Landsat TM image mosaics and individual Landsat TM scenes obtained from the Spatial
Information Technology Laboratory in the Mississippi State University Department of
Forestry (Collins, 2005). All the images from the SITL were in MSTM projection. The
ignition grid was based on a statewide road density grid for Mississippi obtained from a
previous master’s thesis in the Department of Geosciences at Mississippi State University
(Wallis, 2005).
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Road Density
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Road Density
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Figure 4.2: Flow diagram of forest fire risk assessment of South East Mississippi
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4.4

Data Preparation
Independent variables of fuels, road density and human impacts (by Newton’s

gravity model) were evaluated for model suitability (Figure 4.2). The static variables of
fuel and road density were chosen as variables to be included in the model based on
available literature (Zhai et al., 2003; Pye et al., 2003; Schultz, 1997). All the layers were
re-projected to the Mississippi State Transverse Mercator (MSTM) projection with a
1983 North American Datum (NAD83) and the Geodetic Reference System of 1980
(GRS 80). The independent variables of fuels, road density, and human interaction were
saved as raster grids with a 30-meter resolution. Each variable was ranked on a five-level
fire potential for the modeling process. A low value of one represents the lowest fire
potential, and a high value of five represents the highest fire potential. This ranking is
constant for standardizing and weighing of individual variables to be used in the linear
additive model.

4.4.1

Fuel Variables
Landsat images of Mississippi were classified into thematic maps of land cover

types and approximate forest stand age by the Spatial Information Technologies
Laboratory (Collins, 2005). Landsat satellite images and aerial photos of 1972 were used
to derive final thematic maps, and the maps were recoded to unique integer values based
on forest age and land cover type. All the Age classes were divided into 7 categories, and
a unique integer value was assigned to each class (Table 4.1).
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Table 4.1: Unique Age Values Assigned to Age Classes Derived from Land sat image
Age Classes

Unique Values

Open Areas
Regenerating Areas
Non-Origin (>30 years) Forest
Zero to Nine years
10 to 19 Years
20 to 30 Years
Greater than 30 Years

10
20
30
40
50
60
70

Similarly unique values were assigned to land cover types to different risk levels
within a range of zero to five (Table 4.2). These unique recodes of land cover and age
class were analyzed in additive map algebra to produce unique classes of risk level based
on forest type by age (Table 4.2). The standardized fire potential ranking of zero to five
was applied to the unique values (Table 4.2) (Figure 4.3).
The pine with needle leaf land cover of 10 to 19 years is highly prone to fire
(Gilreath, 2006). This particular unique class is separated for our analysis. A threshold
size of 40 acres is considered as a basic unit in this study. This particular unique class
with size less than 40 acres is eliminated by clump and sieve method.
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Table 4.2: Unique values assigned to land cover classes derived from Landsat

Risk Level

Class

0

Non-origin HW, HW(20-30), HW(>30)

1

Open, HW(0-9), HW(10-19)

2

Non-origin MX, MX (0-9), MX (20-30), MX (>30)

3

Non-origin Pine, Pine(0-9), MX(10-19), Pine(>30)

4

Pine(20-30)

5

Pine(10-19)

Note:
HW: Hardwood (age in years); MX: Mixed vegetation
0: Very Low ignition risk; 1: Low; 2: Moderate low; 3: Moderate high; 4: high
5: Very High

4.4.1.1

Clump and Sieve
The size of the specific area will affect fire frequency (number of fires per unit

time), generally larger areas will have a higher fire frequency (Johnson and Van Wagner,
1985). Clump and Sieve is the basis for generalizing classified images. Things in nature
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tend to cluster. Given a salt-and-pepper sprinkle of points, clump checks the type of
occurrences and assigns to a given cluster. In other words, clump is run to add spatial
coherency to existing classes by combining adjacent similar classified areas. It touches on
the most basic spatial relationship like distance and focuses on nearness or closeness
which is considered as one of the most important spatial relations. Clumping also
assesses the property of the spatial adjacency of objects to one another. Sieve is used to
remove the isolated pixels based on a size (number of pixels) threshold. Taking this point
into consideration, the forest area was initially clumped. The result of clump and sieve is
further analyzed using 5X5 lowpass filter (LPF) in Fourier Spectrum (ENVI Tutorial and
ERDAS IMAGINE field guide).

4.4.1.2

Noise Removal in Fourier Spectrum
Image can be said as a sum of two signal components, i.e sines (low frequency)

and cosines (high frequency) with different spatial scales where Fourier is a general
frame work for analysis (Robert A. Schowengerdt, 2006). Fourier transform of an image
converts the straightforward information in the spatial domain into a scrambled form in
the frequency domain and is therefore easier in designing filters. Generally smoothing,
edge enhancement, periodic noise removal operations are performed in the

spatial

domain while high-pass and low-pass filters are done easily in the frequency domain.
Spatial filters are referred to as a "local operation" because they modify the original pixel
value on the basis of the brightness values of surrounding pixels (Paul M. Mather 2004).
It is much easier to observe the effects of small changes in the frequency space than in
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the spatial domain. Adding two transforms or functions of two original images together
produces the same result as that of the sum of originals. Similarly subtraction removes
unwanted parts of images. The size of the square area (known also as convolution mask
or kernel) is usually 3 X 3, 5 X 5, or 9 X 9 pixels. The image becomes more blurred as
the size of the mask (kernel) increases (John C. Russ, 1998). An optimum size (5X5)
filter was used for this purpose of random noise removal. This low-pass filter is very
useful for reduction of a random noise in the image.
An inverse transform was performed to bring back to spatial domain for further
analysis. Sieving operation was performed on this low pass filtered image with a
threshold of 40 acres, i.e. all the forest area below forty acres was removed and the forest
area above forty acres only was retained for gravity model. This has resulted in a
smoothened image which has sieved out the areas less than forty acres. This image was
further classified into different fuel sizes as shown in Figure 4.4.
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Figure 4.4: Clumping, Low pass convolution filter and sieved image
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4.4.2

Road Density
Road density layer was calculated using kernel density function with a specified

search radius of 2500 meters. Kernel density estimators are non parametric estimators
that smooth out the contribution of each observed data point over a local neighborhood of
that data point. Taking into consideration that roads in cities do not possess a greater
interaction for forest fires, a final ignition layer was created by recoding the calculated
road density values to the standardized model’s range of fire potential which are based on
road density fire index (one to five) (Figure 4.5 ,Table 4.3) (Gilreath, 2006).

Table 4.3: Fire Potential Rankings based on summer 5 year fire data

Histogram Class Values For Road Density
0-40 and >221
41-80 and181-220
81-100 and 161-180
101-120 and 141-160
121-140

Fire Potential Rank
1 (Lowest Fire Potential)
2
3
4
5 (Highest Fire Potential)

Figure 4.5: Road density estimation by Kernel density function and reclassification (Gilreath, 2006)
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4.4.3

Proximity to Roads (Regression Analysis)
Gilreath, 2006 road density model was used to analyze the fire occurances with

respect to road distance. Regression is a technique that can be used to investigate the
effect of one or more predictor variables on an outcome variable. By regression analysis
one can predict how well one or more independent variables will predict the value of a
dependent variable. For this study regression will be used to predict the relationship
between the proximity to roads (buffers) and the number of fires within these proximity
zones.
Selection by location was utilized to select the number of fires that fall within the
buffer distances of 80, 160, 240, etc. with an 80 meter buffer interval from the proximity
to roads similar to Mc Mahan and Weber, (2002). These buffer distances will be analyzed
for number of fires within each buffer. A high number of fires within the lower distance
buffer will indicate the influence of proximity of roads in relation to fire occurrences.
Annual, winter and summer fires were used to evaluate their dependency on roads. The
results are presented in (Table 4.4) and Figure 4.6. Regression analysis indicated that the
number of fires negatively correlated to distance from the roads (Appendix A). Majority
of the fires were located very close to the roads and the number of fires decreases as the
distance from the roads increases. A drastic decrease in the number of fires with respect
to road distance was noticed beyond 160 meter for fires of all seasons. The negative
association is more in case of summer followed annual and winter fire seasons. The
negative association indicated that an increase of 13,219 meters from the roads would
decrease one fire location for annual fire season. Similarly an increase of 5,195 meters
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and 4,402 meters would decrease one fire location for winter and summer seasons
respectively.
Regression analysis
H0: Distance from roads and the number of fires are not dependent on each other
Ha: Distance from the roads and number of fires are dependent on each other
Test Statistic: Regression
Procedure:
The dependency of the distance classes (dependent variable) with respect to the
number of fires (independent variable) will be analyzed using linear regression analysis
in SPSS package.
Regression Analysis
H0: Distance from roads and the number of fires are not dependent each other
Ha: Distance from the roads and number of fires are dependent each other

Results:
Table 4.4: Regression analysis of number of fires and distance classes

Annual

Correlation coefficient (r)
Y = b0 + b1 (x1)
1% (0.01 ) level of
significance
- 0.895
Y = 1946.015 – 189.566 x

Reject Ho

Winter

- 0.894

Y = 830.154 – 75.31 x

Reject Ho

Summer

- 0.941

Y = 516.306 – 61.483 x

Reject Ho

Fire
Season

Inference
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Figure 4.6: Ignition points per classes of distances to the nearest road

Comments: Fires of all seasons are significantly negatively correlated to the distance
from the roads.

Conclusion:
As distance from the roads increases the number of fires decreases. The negative
association indicated that an increase of 13,219 meter from the roads would decrease one
fire location for annual fire season. Similarly, an increase of 5,195 meters and 4,402
meters would decrease one fire location for winter and summer seasons respectively.
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The regression analysis based on Gilreath, 2006 road density model indicate the
significance of human component (accessibility by roads) in forest fire occurrences.

4.4.4

Human Interaction Variable
Population of cities plays a vital role in forest fires. So far many models have

been developed which ignored this particular aspect. Even the models with human
interaction did not adopt the concept of Newton’s gravity so far.
Mathematically, the gravity model used for this research is stated as follows:

Gravity =

P1* P2
d2

Where,
P1 = Population of city 1
P2 = Population of city 2
d = Distance between city 1 and city 2
The Gravity model is one that assumes the influence of phenomena or populations
on each other and varies inversely with the distance between them. The population of the
cities greater than one thousand people is considered for calculating interaction. From
these selected cities Gravity is calculated using Newton’s Gravity formula. Likewise the
interaction among populations (cities) along with the fuel sizes was calculated by its
inverse distance (Figure 4.7).
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Figure 4.7: Newton’s Gravity Model calculation
The interaction among fuels and human interaction among cities were analyzed
using map algebra to produce a final fire risk map of Southeast fire district of Mississippi
(Figure 4.8).
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Figure 4.8: Final fire map based on interaction among fuels and human interaction for
south eastern Mississippi fire district
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4.5

Methods of analysis

4.5.1

Quadrant Analysis
In comparing an observed point pattern to a random or theoretically known

distribution, it is useful to use the method known as quadrant analysis to evaluate a point
distribution. This method is accomplished by examining how the point distribution’s
density changes over space. By comparing the density measured by quadrant analysis
with the theoretically constructed random pattern, it can be seen if the point distribution
in question is clustered or evenly distributed than the random pattern. A model might be
necessary to quantify the influence of variables on the distribution of a model in a case of
clustered distribution. The influence of a variable on fire location distribution is indicated
by the clustering spatial pattern of fire location points. Thirty equal-area grids constructed
over the modeled fire surface of the Southeast Fire district, the locations of known fire
locations were tested for a clustering tendency. Calculations to find the variability in the
number of points per cell for the 1999 to 2003 fire seasons were made using the variance
mean ratio (VMR) as given in Chapter V. If VMR value less than 0, is considered as
random distribution of fires. A clustered distribution of fires in the study area would be
indicated by a VMR greater than 1, which would point to variables that may influence the
distribution of fires, and a situation characterized by a random distribution of fires would
be indicated by a VMR less than zero.
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4.5.2

4.5.2.1

Statistical Validations

Analysis of Variance (ANOVA)

Analysis of variance is one of the common way to compare the means of more
than two groups. The final fire risk map is classified into five classes of Very Low
fire risk, Low fire risk, Medium fire risk, High fire risk, and Very high fire risk. A
thirty equal area random grid was used to extract the point values from the final map
to actual fire locations. The mean number of fires in each grid per zone per season
was calculated to test whether the means significantly differ from one zone to other.
If the difference in means is significant, pair wise tests of means will be performed.

4.5.2.2

Independent Sample t-test
The comparison of two groups is one of the common and simplest forms of

scientific experimentation. Two treatments that can be used in any scientific
experimentation can be the comparison of a treatment to a control or a before and after
comparison. The most common summary of preliminary results is to show them as a
means for each group. By statistically analyzing the summarized data one can decide
whether the difference between the two means is significant or not.
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4.5.2.3

Gravity Model Validation

H0: The means between two fire risk zones tested is not significant
Ha: The means between two fire risk zones tested is significant

Test statistic: t-test
Procedure:
The mean number of fires in each gravity fire risk zone will be compared with
other zones. A 5 % level of significance will be used to decide if the observed
differences between the two groups are real or just a chance difference caused by the
natural variation within the measurements.

4.5.2.4

Road Density Model Validation

H0: The means between two fire risk zones tested is not significant
Ha: The means between two fire risk zones tested is significant

Test statistic: t-test
Procedure:
The mean number of fires in each road density fire risk zone will be compared
with other zones. A 5 % level of significance will be used to decide if the observed
differences between the two groups are real or just a chance difference caused by the
natural variation within the measurements.
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4.5.2.5

Comparison of Gravity Model and Road Density Model

H0: The means between two fire risk zones tested is not significant
Ha: The means between two fire risk zones tested is significant
Test statistic: t-test
Procedure:
The mean number of fires in similar fire risk occurrences of gravity model and
road density model will be compared. A 5 % level of significance will be used to
decide if the observed differences between the two groups are real or just a chance
difference caused by the natural variation within the measurements.

CHAPTER V
RESULTS AND DISCUSSIONS
This chapter presents the validity of the variables to describe fire potential in the
Southeast fire District. A five year summer data from 1999 to 2003 was examined. The
results of the quadrant analysis, statistical validation of the gravity model, road density
model, gravity model with respect to road density model are presented here.
A total of 8,942 fires were observed during 1999 to 2005. The year 2000 (Table
5.1, Figure 5.1) marked the highest number of fire incidents (33.9%). Similarly, a total of
2,069 summer fires were observed during these years (Table 5.2, Figure 5.2). The year
2000 recorded the highest number of summer fires (51%) during 1999 to 2004 summer
months. The space burnt over the fire years and even the summer years was high in the
year 2000 (Figure 5.1 & 5.2) when compared to all other fire years. Similarly, a total of
4,097 winter fires were observed during these years (Table 5.3, Figure 5.3). The year
2000 recorded the highest number of fires (32.54 %) and high space burnt over the fire
period.

46

47

Table 5.1: Fires per year for south east fire district of Mississippi
Number of fires in a year

Percent

Space burnt in Ha

1999

1104

12.34

3445.89

2000

3039

33.98

12471.19

2001

1075

12.02

3949.73

2002

1080

12.07

6151.22

2003

764

8.54

3450.35

2004

1215

13.58

6635.63

2005

665

7.43

4548.26
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Figure 5.1: Fires per year and space burnt for south east fire district of Mississippi

48
Table 5.2: Summer fires for south east fire district of Mississippi

Year

Summer fires

Percent

Space burnt in Ha

1999

601

29

1975.27

2000

1056

51

3303.85

2001

95

4.6

426.13

2002

68

3.3

174.41

2003

88

4.3

222.17

2004

161

7.7

409.54

3500

# of fires/Space bu

3000
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Number of fires
Space burnt in Ha
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Figure 5.2: Summer fires and space burnt for south east fire district of Mississippi
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Table 5.3: Winter fires and space burnt for south east fire district of Mississippi

Year

Winter fires

Percent

Space burnt in Ha

2000

1333

32.54

6594.74

2001

466

11.37

1832.79

2002

700

17.1

4457.08

2003

372

9.1

1737.25

2004

724

17.7

4791.9

2005

502

12.3

3844.53

7000
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Figure 5.3: Winter fires and space burnt for south east fire district of Mississippi
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The February month (Table 5.4, Figure 5.4) recorded the highest number of fires for the
entire fire season. The winter peaks (January to March) represent fires due to human
interaction. Though the summer season (July to November) is usually accompanied with
dry spells, the fires in this season more anthropogenic in origin and are comparatively
less than winter fires.

Table 5.4: Number of fires in a month from 1999-2005 for Southeast fire district of MS

Month
Total # of
fires from
1999-2005
% fires
from 19992005

Jan

Feb

Mar

Apr May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

836

1669

1592

787

677

260 425

474

567

603

497

555

9.34 18.66

17.8

8.8

7.57

2.9

5.3

6.34 6.74 5.56
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Figure 5.4: Number of fires in a month from 1999-2005 for Southeast fire district of MS
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5.1

Quadrant analysis
A 30 quadrant analysis estimated for five year summer fires indicated the

clustered distribution of forest fires (Variance mean ratio >1 and significant for all years).
A sample of the modeled fires also showed clustered distribution (variance mean ratio
>1). This suggests that modeled fires spatial distribution is in accordance with true data
(Table 5.5). Though the results show that fire locations were spatially clustered and high
fire occurrence density was found in areas that are close to road (Figure 4.5), it does not
necessarily exist in the fire risk zone as topographical heterogeneity may also influence
fire.

Table 5.5: Clustered distribution of forest fires - Quadrant analysis

Stat.
Parameter

Model

1999

2000

2001

2002

2003

2004

2005

Mean

42.57

36.8

101.3

35.83

36.0

25.46

40.5

22.16

Variance

525.97

384.44

3112.07

710.9

566.96

450.18

601.43

380.626

Var to Mean
ratio

12.35

10.44

30.72

19.84

15.74

17.67

14.85

17.17
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5.2

Statistical Validation
The difference in means of the various fire risk levels was analyzed for comparisons
of
•

Gravity model

•

Road density model and

•

Gravity model and road density model

H0 = µ 1(Very low) = µ 2(low) = µ 3(Medium) = µ 4(High) = µ 5(Very High)
Ha ≠ µ 1(Very low) ≠ µ 2(low) ≠ µ 3(Medium) ≠ µ 4(High) ≠ µ 5(Very High)

Table 5.6: Results of ANOVA
Annual

Winter

Summer

Gravity

55.92*

19.24*

11*

Road Density

19.24*

13.9*

25.55*

Comments: * = Significant
F tab 2.432 at 5% LOS
Conclusion:
We reject the H0 and accept Ha
The means differ significantly from one zone to other for gravity and road density for
fires of all seasons. As we do not know which zone significantly differed from which
other zone so t tests were used to test significance mean differences for individual
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groups. (Means separation by LSD -Least significant difference test uses t critical
region and looks at variance from the mean of each sample. The variances among the
samples in my case are negligible, t - tests are more appropriate instead of Duncan’s
or Tukey’s or LSD means separation).

5.2.1
H0:

Gravity Model: Statistical Validation (t-test)
The means between two fire risk zones tested is not significant

Ha: The means between two fire risk zones tested is significant
For the purpose of the Gravity model validation, a non pooled t-test was used to
test for significance between fire risk based on gravity and number of fires. Each fire risk
zone was tested with other zones in terms of the mean number of fires that fall in each
fire risk zone. The results (Table 5.7) show significant difference at 5% level of
significance for fires of all risk zones of all seasons. No significant difference exists for
fires with in the narrow zones. This gives a pretty good validation of the gravity model
for fires of all seasons.
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Results:
Table 5.7: Gravity Model: Statistical Validation (t-test)
Gravity Zones
Very Low Gravity
and Low Gravity
Very Low Gravity
and Medium Gravity
Very Low Gravity
and High Gravity
Very Low Gravity
and Very High
Gravity
Low Gravity and
Medium Gravity
Low Gravity and
High Gravity
Low Gravity and
Very High Gravity
Medium Gravity and
High Gravity
Medium Gravity and
Very High Gravity
High Gravity and
Very High Gravity

Annual

P-Value

Winter

P-Value

Summer

P-Value

1.59

0.12

1.57

0.12

1.79

0.077

3.06*

0.0034

2.93*

0.0049

3.88*

0.0024

4.28*

0.00072

3.82*

0.0032

4.73*

0

4.07*

0.0015

3.46*

0.001

5.22*

0

1.34

0.185

0.86

0.23

1.76

0.086

2.98*

0.0043

2.47*

0.02

3.11*

0.0029

3.35*

0.0014

2.86*

0.0058

3.93*

0.0023

2.06*

0.0444

1.58

0.12

1.84

0.07

2.83*

0.0064

2.44*

0.02

2.91*

0.0049

1.64

0.106

1.67

0.1

1.28

0.21

Comments:
* = Significant. We reject H0 and accept Ha.
T tab = 1.96 at 5 % level of significance
No significant differences were observed in narrow risk zones for fires of all
seasons. Number of fires over a wider risk zones like the very low and medium, medium
and higher and proved to be significant.

Conclusions:
Gravity model helps to predict the number of fires of all seasons.
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•

The number of fires significantly differed from wider risk zones while no
significant differences were observed in the narrow risk zones.

5.2.2

Road density model: Statistical Validation (t-test)

H0: The means between two fire risk zones tested is not significant
Ha: The means between two fire risk zones tested is significant
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Results:
Table 5.8: Road density model: Statistical Validation (t-test)
Road Density Zones
Very Low Road
Density and Low
Road Density
Very Low Road
Density and Medium
Road Density
Very Low Road
Density and High
Road Density
Very Low Road
Density and Very
High Road Density
Low Road Density
and Medium Road
Density
Low Road Density
and High Road
Density
Low Road Density
and Very High Road
Density
Medium Road
Density and High
Road Density
Medium Road
Density and Very
High Road Density
High Road Density
and Very High Road
Density

Annual

P-Value

Winter

P-Value

Summer

P-Value

3.6*

0.0059

3.87*

0.0027

3.24*

0.002

7.7*

0

6.59*

0

9.32*

0

6.7*

0

6.07*

0

6.78*

0

7.3*

0

5.7*

0

8.27*

0

4.9*

0

4.5*

0.0032

6.18*

0

4.2*

0

3.8*

0.0033

4.65*

0

4.99*

0

4.03*

0.0016

6.2*

0

0.5

0.62

0.76

0.45

0.25

0.81

0.4

0.68

0.12

0.9

1.38

0.174

0.87

0.39

0.813

0.42

1.43

0.157

57
Comments:
* = Significant. We reject H0 and accept Ha
T tab = 1.96 at 5 % level of significance
No significant differences were observed in wider risk zones for fires of all
seasons. Number of fires over a wider risk zones like medium and high, high and very
high did not prove to be significant
Conclusions:
•

Road Density model helps to predict the number of fires of all seasons in very
low and low fire risk zones

•

No significant differences were observed in the wider risk zones
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5.2.3

Gravity Model and Road Density: Statistical Validation (t-test)

H0: The means between two fire risk zones tested is not significant
Ha: The means between two fire risk zones tested is significant

Table 5.9: Gravity Model and Road Density: Statistical Validation (t-test)
Gravity and Road
Density
Very Low Gravity and
Very Low Road
Density
Low Gravity and Low
Road Density
Medium Gravity and
Medium Road Density
High Gravity and High
Road Density
Very High Gravity and
Very High Road
Density

Annual

P-Value

Winter

P-Value

Summer

P-Value

3.51*

0.0085

3.64*

0.0058

3.58*

0.007

1.6

0.11

1.56

0.13

2.0*

0.05

3.09*

0.66

2.82*

0.0064

2.78*

0.007

0.62

0.534

0.67

0.5

0.29

0.77

0.44

0.664

0.08

0.58

0.42

0.68

Comments:
* = Significant. We reject H0 and accept Ha
T tab = 1.96 at 5 % level of significance
Conclusions:
•

Gravity model proved to be better in estimating the very low fire risk zone
compared to Road density model for fires of all seasons.

•

Gravity model also proved to be better in estimating the Summer Low fire
risk zone than the Road density model.

•

Road density model proved to be better in estimating the Medium fire risk
zone compared to Gravity model for fires of all seasons.

•
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Though gravity model proved to be a good estimator as supported by the
number of fires for all other risk zones, no significant differences were
observed which implies both the models were equally good in estimating the
number of fires.
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Discussion:
Gravity model is generally used by retail market analysts to identify market
outlets. This concept based on population of cities is a special approach to predict forest
fires. So far models have been developed using some of the basic variables like climate,
topography and ignition .The gravity model proved to be a very good estimator of forest
fires for Southeast fire district of MS. All the fire risk zones are supported by the number
of fires for all seasons but the model proved significantly better in estimating very low,
medium and high fire risk. Only the narrow risk zones like Very low and low; low and
medium; high and very high pairs did not prove significant. This suggests that the model
is a good estimator of all fire prone areas of Southeast MS. This model considered
population of cities and fuels as main factors responsible for forest fires. Many
socioeconomic factors like age distribution, education level, household income, living
conditions, employment status (Baird et al., 1969), increasing population (U.S.
Department of Commerce 1992), urbanization, and changing demographic characteristics
(Alig et al., 1990) have significant influence on historic fire patterns that are needed to be
considered in estimating forest fire risk. It would be better to include topography as a
constraint so that bottomlands are excluded.
Human influence as a source of ignition component has been studied so far by
various researchers. This particular study compared this gravity model human component
with that of road density human component. The results indicted that gravity model is
good in estimating very low, and summer low fire risk zone. Road density proved to be
better in estimating the medium fire risk zone. For all other fire risk zones though gravity
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model proved to be supported by the number of fires as per risk zones, the results did not
prove significant which implies both are equally good in estimating the number of fires
for all other fire risk zones.

CHAPTER VI
SUMMARY AND CONCLUSIONS
Different approaches to fire risk mapping were discussed by many models. This
gravity model demonstrates fire risk based on gravity of masses. This is one of the
mathematical models so far not explored to model forest fires. The quality or success of
the model-results as observed from the statistical analysis that the fire risk map obtained
on the basis of gravity is comparable with field conditions to a very great extent. The
model proved to be a better estimator of the number of fires. The quality of the model
proved to be visually and statistically appealing in estimating fire risk areas of South East
Mississippi fire district. The model also proved to be an improvement over the road
density model in estimating the very low fire risk areas of all seasons and also the
summer low fire risk.
Though the fire risk estimated by this gravity model supported the number of fires
in other risk zones, the results did not prove significant when compared to the road
density model. The Gravity Model can be successfully applied in some cases to other
forest areas in the country under similar environmental conditions.
Conclusion:
The following conclusions are drawn statistically with respect to the Gravity fire model
of SE Mississippi fire district. Fire occurrence is dependent on gravity and road density.
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1. As the road distance increases the fire occurrences decreases.
2. The occurrence of fires decreases significantly beyond 160 meters from the road.
3. The estimation of fire occurrences with respect to road distance is in the order of
winter fires followed by summer and annual fire seasons as in the Figure 5.5.
4. Gravity model proved to a better estimator of the number of fires of all seasons at
all fire risk zones for SE Mississippi fire district.
5. Road density proved to be a better estimator of the number of fires only in very
low and medium risk zones.
6. In comparison to the road density model, the gravity model proved to be better in
estimating the very low fire risk zone and low summer fire risk zone while road
density proved to be better in estimating the medium risk zone. For all other fire
risk zones, the gravity model proved to be supported by the number of fires as per
risk zones. The results did not prove significant which implies both are equally
good in estimating the number of fires for all other fire risk zones.
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Table A.1: Number of Annual ignition points per classes of distances to the nearest road

Distance class in m
1 (0-80)
2 (80-160)
3 (160-240)
4 (240-320)
5 (320-400)
6 (400-480)
7(480-560)
8(560-640)
9(640-720)
10(720-800)
11(800-880)
12(880-960)

Number of ignition points
2285
2004
1331
903
579
375
299
267
194
139
117
73

%
26.67
23.39
15.54
10.54
6.76
4.37
3.49
3.12
2.26
1.63
1.36
0.85
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Table A.2: Number of winter ignition points per classes of distances to the nearest road
Distance class in m
1 (0-80)
2 (80-160)
3 (160-240)
4 (240-320)
5 (320-400)
6 (400-480)
7(480-560)
8(560-640)
9(640-720)
10(720-800)
11(800-880)
12(880-960)
13(960-1040)

Number of ignition points

956
906
637
415
295
171
146
111
117
68
47
39
30

%
24.27
23.00
16.18
10.54
7.49
4.34
3.7
2.82
2.97
1.73
1.19
0.99
0.76
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Table A.3: Number of summer ignition points per classes of distances to the nearest road
Distance class in m

1 (0-80)

2 (80-160)

3 (160-240)

4 (240-320)

5 (320-400)

6 (400-480)

7(480-560)

8(560-640)

9(640-720)

Number of ignition points

544

434

276

225

136

93

76

63

33

%

28.4

22.66

14.41

11.75

7.1

4.85

3.96

3.29

1.72

